Introduction
Agricultural and horticultural plants are often damaged by slugs. One of these is the invasive slug Arion lusitanicus Mabille, 1868 (A. vulgaris Moquin Tandom, 1885 ) (Anderson, 2005) , which originates from the south-western part of Europe. Year by year, in Poland and all over Europe, significant crop damage is being caused by slugs Arion lusitanicus (Kozłowski, 2012; Kozłowski and Kozłowska, 2009; Kozłowski and Kozłowski, 2011) . Observations have shown that the losses to crops caused by this slug are large, sometimes as high as 70%.
One of the commonest methods of combating slugs is a chemical method involving the use of granulated molluscicides. The active substances of these agents are methiocarb or metaldehyde, which act on slugs gastrically and by contact. Because of its toxicity to some invertebrates and vertebrates, metaldehyde is to be withdrawn from use. An alternative to chemical agents is to use a biological method, involving the use of the parasitic nematode Phasmarhabditis hermaphrodita, of the family Rhabditidae. This is a component of a commercial biological product called Nemaslug (Becker Underwood, UK), which is used to combat various slugs in many European countries (Rae et al., 2008) . In the soil the nematodes react with the mucus and excreta of slugs (Rae et al., 2006) , and penetrate to the hollow at the end of the slug's mantle (Tan and Grewal, 2001) . After penetrating to the interior of the slug the nematodes release the bacterium Moraxella osloensis, which is toxic to the slug. The nematodes feed on bacteria which are present on dead slugs.
A new generation of P. hermaphrodita then infects other slugs.
The goal of the present research was to obtain information on the effectiveness of the biological product Nemaslug against a Polish population of the slug A. lusitanicus under a variable size of slug population. The fact that this was an incomplete multivariate study, i.e. not all variables could be observed for all treatments on all experimental units, made it necessary to define a model of observations and an estimation of linear parametric functions.
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Materials and methods
The tests were carried out in laboratory conditions at air temperature 16°C, RH 93%±3% and length of day 12 h. In containers one-third full with soil, six Chinese cabbage plants (Hilton variety) were planted in each container, at the 3-4 leaf stage. The plants in the containers were sprayed once with a solution of P. hermaphrodita nematodes in a dose of 30 or 15 nematodes per cm², and an inclusive control was used in which the plants were sprayed with water (factor A with three levels). Two A. lusitanicus slugs were placed in each container; the slugs had been starved for 48 hours, and had average body mass of 1.002 g. At the next stage of the experiment, in cycles of 5, 10, 15 and 20 days after the application of the nematodes (factor B with four levels), the damaged plants were removed, and six healthy Chinese cabbage seedlings were placed in each container, as well as one A. lusitanicus slug. Three replications were applied.
The percentage of plant damage was observed according to a 5-point scale Let us write down the model of observations. For each cycle of changes 
which can also be written as follows:
We now introduce the t x t i matrix M i , whose (l, l i )-th element is 1 when the lth variable is observed in the ith group at number l i , (l=1,2,…,t; l i =1,2,…,t i ), and zero otherwise. This matrix is of full column rank; for every i, r(M i )=t i . We can also write
, where  and  are defined for the whole experimental design, μ being a t-dimensional vector of common values, while α is an a x t matrix of main effects of factor A. The matrix M i indicates those elements of the vector of common values μ and the matrix α of main effects of factor A, respectively, which correspond to the variables observed in the ith subset of experimental units. Moreover the dispersion matrix for cs ) (i ε can be written in the form
, where  is a t x t unknown non-singular dispersion matrix defined for the overall design. ; then the function γd c ' is called a contrast.
We define the following sets of vectors: 
Results and discussion
For over a decade various data have been published in the literature concerning the biological use of P. hermaphrodita to combat various slugs in the Gastropoda: Pulmonata group. In 1994 that nematode was made commercially available for the first time as a biological agent for combating slugs (Glen et al., 1996) . The nematodes infect the slugs fairly rapidly, leading to reduction in grazing on plants, and to the death of slugs. According to Speiser et al. (2001) 
,
A. lusitanicus and D. reticulatum are the most harmful species in Switzerland.
Those authors evaluated their sensitivity to infection by P. hermaphrodita in laboratory conditions. They observed that D. reticulatum was strongly infected by the nematodes, irrespective of the slugs' body mass, while in A. lusitanicus only slugs at a young stage of development were infected.
In the present study, basic contrasts were estimated for selected variables, e.g. contrasts between the main effects of a factor whose levels were doses of a solution of P. hermaphrodita nematodes (for -1,4 -26,4 -45,8 12,5 -32,0 33,3 -77,8 ' 3 -9,7 -15,3 -15,3 -15,3 -23,6 -25,0 -38,9 Experiments on Chinese cabbage have also been carried out by researchers at Aberdeen University in Scotland. Field studies on several species of slugs were carried out on experimental plots using different methods of application of P. hermaphrodita. It was found that on the 14th day of the experiment, nematodes applied three times in a quantity of one-sixth of the recommended dose of P. hermaphrodita (5 nematodes per cm²), and nematodes applied around the base of plants (3000 nematodes per plant) protected the plants from slug damage. On the 28th and 35th day all nematode treatments brought a reduction in the damage caused by slugs relative to the control plants, although after weeks of duration of the experiment that difference became much smaller (Rae et al., 2009 ).
In the present study, comparing the effect of P. hermaphrodita on the amount of slug damage to plants after successive cyclical replacements of plants and increase in the number of slugs, the growth in damage was found to be Analysis of studies of the effectiveness of a biological method 53 differentiated. The quantity of damage to Chinese cabbage on the control units was greater than on the units treated with a solution of P. hermaphrodita in both doses. The differences between the quantity of damage done to the control plants and the average damage to plants on units treated following successive cyclical changes was 19% on average. Grubisic et al. (2003) describe an experiment on Chinese cabbage seedlings grown under cover, performed in Croatia. They state that after 10-30 days from the application of nematodes and the methiocarb the plants were significantly less damaged by slugs. The respective levels of damage for P. hermaphrodita, methiocarb and the control were 2%, 15% and 40%.
In the present study, after 60 days from the application of nematodes on all treated units, on the newly introduced healthy seedlings there were observed to In the case of many reported experiments with the use of infectious nematodes the results are not definitive. In some cases the applied nematodes did not affect the slug death rate, although it affected their grazing (Glen et al., 2000) . It is suspected that slugs of the family Arionidae are relatively difficult to infect (Glen et al., 1996) .
In the case of use of the biological product Nemaslug, a significant fact is that nematodes may survive approximately six weeks in soil. Vernavá et al. (2004) found that they were still present in the soil after 99 days. For this reason it is not necessary to apply the product multiple times; this brings about significant reduction in the costs of protecting plants against slugs.
In our study the effect of the action of the nematodes was visible up to the last day of the experiment. Under a variable size of population of slugs in the containers, for doses of both 30 and 15 nematodes per cm 2 , there was observed to be a reduction in the damage done by slugs to successive cyclically introduced healthy Chinese cabbage seedlings.
Appendix
For the description of multivariate experiments, multidimensional linear models are used with the form Y = X +  (Morrison, 2005) , where Y is an n x t matrix of observations of t variables on n experimental units, X is a known n x p design matrix,  is a p x t matrix of unknown parameters, and  is an n x t matrix of random errors. It is assumed that the matrix of expected values of matrix  is the zero matrix, and the dispersion matrix for cs is the Kronecker product of an unknown t x t dispersion matrix  for each row of  and the identity matrix , where X 0 and X 1 and  and  are respectively n x p 1 and n x p 2 submatrices of the design and p 1 x t and p 2 x t matrices of parameters for t observed variables. The system of normal equations then takes the form
